
FUNDAMENTAL

3.1 Photoinduced hydrophilic property
3.1.1 Physiochemical property of Zinc oxide (ZnO)

Z n O  is an  « - ty p e  s e m ic o n d u c to r  w ith  w id e  b a n d  g ap  e n e rg y  o f  3 .3  eV . I t  is 
a b u n d a n tly  a v a ila b le  in n a tu re  an d  e x h ib its  v a r io u s  e x c e lle n t p ro p e r tie s  su ch  as 
o p tic a l, e le c tr ic a l  a n d  p h o to c a ta ly tic  p ro p e rtie s  (B e rb e r  e t a l., 2 0 0 5 ). F ro m  m a n y  
re se a rc h e s  p re s e n te d  th a t  Z n O  film s  w e re  p o ly c ry s ta llin e  w ith  a  s tru c tu re  th a t b e lo n g  
to  th e  Z n O  h e x a g o n a l w u rtz ite  w h ic h  u n it ce ll is c o m p o se d  o f  b o th  th re e  a x is  a s  a, b 
a n d  c {a = b iะ c) a n d  th re e  a n g le s  as a ,  p  and  7 ( a  =  p  =  9 0 ° , 7  =  120°) a n d  th e  
p h y s io c h e m ic l a s  s h o w n  in  T a b le  3 .1 .

Table 3.1 P h y s io c h e m ic a l p ro p e r ty  o f  Z n O

O th e r  n a m e s Z in c  w h ite
M o le c u la r  fo rm u la Z n O

M o la r  m a ss 8 1 .4 0 8 4  g /m o l
C ry s ta l  s tru c tu re H e x a g o n a l w u rtz ite

D e n s ity  a n d  p h a se 5 .6 0 6  g /c m 3, so lid
S o lu tio n  in  w a te r In so lu b le

M e lt in g  p o in t 1 9 7 5 ° c  (d e c o m p o se )
B o ilin g  p o in t -

a ,c  L a ttic e  c o n s ta n ts 3 .2 4 9 Â , 5 .2 0 1Â
R e fra c t iv e  in d e x 2.0



10

3.1.2 Principle of photoinduced hydrophilic property

T h e  p rin c ip le  o f  p h o to in d u c e d  h y d ro p h ilic  p ro p e r ty  o c c u rs  u n d e r  ir ra d ia tio n  o f  
s e m ic o n d u c to r  m e ta l. A  se m ic o n d u c to r , w h ic h  c o u ld  b e  th e o re tic a l ly  d e sc r ib e d  b y  
v a la n c e  b a n d  an d  c o n d u c tio n  b an d , in c lu d e s  Z n O , TiC>2, Z 1O 2, Fe2C>3, WO3 a n d  so  on . 
B a n d  g ap  o f  a  s e m ic o n d u c to r  is d e f in e d  as a  d if fe re n c e  b e tw e e n  its  v a la n c e  b a n d  an d  
c o n d u c tio n  b an d  w h ic h  co u ld  be  re la te d  to  th e  w a v e le n g th  o f  p h o to n  b y  irra d ia tio n . A  
p h o to n  w ith  e n e rg y  h ig h e r  th a n  o r  eq u a l to  th e  b an d  g a p  is  a b so rb e d  b y  th e  
se m ic o n d u c to r , le a d in g  to  tra n s fe r  o f  e le c tro n  fro m  v a la n c e  b a n d  to  c o n d u c tio n  b a n d . 
S u ch  irra d ia tio n  co u ld  g iv e  r ise  to  e le c tro n s  (ë) a n d  h o le s  (h +) o n  th e  su rfa c e .

T h e  h o le s  c a n  re a c t w ith  la ttic e  o x y g e n  an d  le a d in g  to  th e  fo rm a tio n  o f  su rfa c e  
o x y g e n  v a c a n c ie s  w h ile  so m e  o f  e le c tro n s  c a n  re a c t  w ith  la ttic e  m e ta l io n s  to  fo rm  
d e fe c tiv e  s ite s . W a te r  m o le c u le s  can  re p la c e  th e se  o x y g e n  v a c a n c ie s  p ro d u c in g  
c h e m iso rb e d  h y d ro x y l g ro u p s . F o r  e x a m p le , th e  p h o to in d u c e d  h y d ro p h ilic  p ro p e rty  
m e c h a n ism  o f  TiC>2 is  k n o w n  p h o to se n s it iv e  s e m ic o n d u c to r . T h e  fo rm a tio n  p ro c e sse s  
o f  o x y g e n  v a c a n c y  o n  T i 0 2 su rfa c e  a re  p re se n te d  in  e q u a tio n s  (1 -4 )

M e a n w h ile , w a te r  m o le c u le s  m a y  c o o rd in a te  in to  th e  o x y g e n  v a c a n c y  s ite s , 
w h ic h  lead  to  a d so rp tio n  a n d  sp re a d in g  o f  w a te r  m o le c u le s  o n  th e  su rfa c e . 
S u p e rh y d ro p h ilic  p ro p e rty  c o u ld  b e  re la te d  to  th e  w a te r  c o n ta c t  a n g le  a p p ro a c h in g  
z e ro  (S e e  fig u re  3 .1 ).

TiC>2 +  2 h v —> 2 h + +  2ë
(h o le ) (e le c tro n )

(1 )

๙ -  + h+ ^ O f

O f  +  h + —+ 1/202 +  o x y g e n  v a c a n c y  
T i4+ +  ë  —> T is3+

(2 )

(3)
(4)

vacancies

H H

H yïjropho& îc K y * o p h a ta

Figure 3.1 M e c h a n ism  o f  p h o to in d u c e d  s u p e rh y d ro p h ilic ity  o f  T i02 

(F u jish im a , H a sh im o to  an d  W a ta n a b e , 1999)
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M o re o v e r , Z n O  is th e  o n e  o f  se m ic o n d u c to rs  w h ic h  c a n  p ro v id e  h y d ro p h ilic  
p ro p e r ty  a f te r  irra d ia tio n . รนท, N a k a jim a , H a sh im o to  e t a l. (2 0 0 1 ) s tu d ie d  th e  
p h o to in d u c e d  su rfa c e  w e tta b ility  c o n v e rs io n  o f  Z n O  an d  T i02  th in  f i lm s  p re p a re d  b y  
sp ra y  p y ro ly s is  m e th o d . T h e  w a te r  co n ta c t a n g le s  o f  Z n O  a n d  T i02  th in  f ilm s  a re  109 
a n d  54 d e g re e s  b e fo re  u v  irrad ia tio n . U p o n  irra d ia tio n , th e  c o n ta c t a n g le s  o f  b o th  
f i lm s  w o u ld  d e c re a se  to  0 an d  5 d eg rees , re sp e c tiv e ly .

Wettability and contact angle (John c .  Berg, 1993)

W e ttin g  p h e n o m e n o n  in v o lv e s  th e  in te ra c tio n  o f  a  l iq u id  w ith  a  so lid . I t  c an  be  
sp re a d in g  o f  a  liq u id  o v e r  a  su rfa c e , th e  p e n e tra tio n  o f  a  liq u id  in to  a  p o ro u s  m a te r ia l 
m e d iu m , o r  th e  d isp la c e m e n t o f  o n e  liq u id  b y  a n o th e r . It c a n  h e lp  to  c h a ra c te r iz e  
su rfa c e s  an d  to  d e te rm in e  so lid /liq u id  in te ra c tio n s . W e tta b ili ty  is m o s t o f te n  d e sc rib e d  
b y  a  se ss ile  d ro p . A  sc h e m a tic  d ia g ram  is sh o w n  in F ig u re  3 .2 . T h e  c o n ta c t a n g le  ( 0 )  
is  a  m e a su re  o f  w e tta b ility . A  lo w  co n ta c t a n g le  m e a n s  h ig h  w e tta b ility  an d  a  h ig h  
c o n ta c t a n g le  m e a n s  p o o r  w e tta b ility .

In  th e  se s s ile  d ro p  m e th o d , a  d ro p  is p la c e d  o n  a  h o r iz o n ta l  su rfa c e  and  
o b se rv e d  in c ro ss  se c tio n  th ro u g h  a  te le sc o p e . A  g o n io m e te r  in  th e  e y e p ie c e  is u sed  to  
m e a su re  th e  an g le . T h e  a n g le  o f  v is io n  is ju s t  s lig h tly  o f f  h o r iz o n ta l  so  th e  e d g e  o f  th e  
d ro p  an d  its  re f le c te d  im ag e  a re  b o th  v is ib le . T h is  a llo w s  th e  ta n g e n t to  b e  d e te rm in e d  
p re c ise ly  a t th e  p o in t o f  a n g le  b e tw e e n  th e  d ro p  a n d  th e  su rfa c e .

M o re o v e r , th e  c o n ta c t a n g le  can  b e  re la te d  to  Y o u n g ’s e q u a tio n . A f te r  a  liq u id  
d ro p le t  is a p p lie d  o n  a  so lid  su rface , th e  b a la n c e  b e tw e e n  th e  c o h e s iv e  fo rc e  in  th e  
l iq u id  an d  th e  a d h e s iv e  fo rce  b e tw e e n  th e  so lid  a n d  th e  l iq u id  w o u ld  c o n tro l th e  
c o n ta c t a n g le  o f  th e  d ro p le t.

y  SV= y  SL+ y  LV c o s $

W h e re  y sv =  th e  su rfa c e  te n s io n  o f  s o lid -v a p o r  su rfa c e

y 51 =  th e  su rfa c e  te n s io n  o f  so lid - liq u id  su rfa c e  

y LV =  th e  su rfa c e  ten s io n  o f  liq u id -v a p o r  su rfa c e

9  =  th e  c o n ta c t a n g le  (C A )



12

Solid

Figure 3.2 S c h e m a tic  o f  a  se s s ile  d ro p  o n  a  su rface  

Definition hydrophilicity

T h e  c o n ta c t a n g le  is v a lu e  re p re se n tin g  w e tta b ility  o f  th e  su rfa c e . S u c h  a n g le  
is  d e te rm in e d  b y  th e  in te ra c tio n s  a c ro s s  o f  th re e  in te rfa c e s  w h ic h  a  liq u id /v a p o r 
in te rfa c e s  m e e t  so lid  su rfa c e . T h e  g e n e ra l co n c e p t is  i llu s tra te d  in F ig u re  3 .2  w h ic h  
i llu s tra te s  a  sm a ll liq u id  d ro p le t  o n  a  f la t h o riz o n ta l so lid  su rface . H y d ro p h ilic  su rface  
is  th e  su b s tra te  th a t h a s  th e  c o n ta c t a n g le  b e tw e e n  5° to  9 0 ° . B u t th is  a n g le  is le ss  th a n  
5°, th e  su b s tra te  su rfa c e  is  ca lle d  “ su p e rh y d ro p h ilic ” . In  a d d itio n , th e  su rfa c e  h as  
h y d ro p h o b ic  w h ic h  th e  c o n ta c t a n g le  is m o re  th a n  90°. I f  th e  c o n ta c t a n g le  is m u c h  
m o re  1 50°, th e se  su rfa c e  is c a lle d  “ su p e rh y d ro p h o b ic ” (B ic o  e t a l., 2 0 0 2 ).

3.2 Dip coating technique for thin film fabrication

In  g e n e ra l, a  b a tc h  d ip  c o a tin g  p ro c e ss  c o u ld  b e  d iv id e d  in to  f iv e  s teps: 
im m e rs io n , s ta r t-u p , d e p o s it io n , e v a p o ra tio n  an d  d ra in a g e  (S e e  f ig u re  3 .3 ). T h e  
p ro c e ss  in v o lv e s  im m e rs in g  a  su b s tra te  in to  a  re se rv o ir  o f  so lu tio n  fo r  so m e  tim e  
th e re b y  e n s u r in g  th a t  th e  su b s tra te  is co m p le te ly  w e tte d  an d  th e n  w ith d ra w in g  th e  
su b s tra te  fro m  th e  so lu tio n  b a th  (L a n d a u  an d  L e v ic h , 1942 ). A f te r  th e  s o lv e n t is
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e v a p o ra te d , a  u n ifo rm  so lid  film  is  d ep o sited  u p on  th e  su rfa c e  o f  th e  su b s tra te . T h e  
m a jo r  fo rc e s  a re  v is c o u s  d rag , g rav ita tio n a l fo rc e  an d  su rfa c e  te n s io n .

(d )

Drainage
(e)

Figure3.3 F a b r ic a tio n  s ta g e s  o f  th e  d ip  c o a tin g  p ro c e ss : (a) im m e rs io n , (b ) s ta rt-u p ,
(c )  d e p o s it io n , (d ) e v a p o ra tio n  an d  (e ) d ra in a g e  (B rin k e r  e t a l., 1994)

A  d ip  c o a tin g  m o d e l w a s  p ro p o sed  b ase  o n  th e  h y d ro d y n a m ic s  o f  a  N e w to n ia n  
flu id  f lo w , ig n o r in g  s o lv e n t ev a p o ra tio n . T h e  m o d e l c o n s id e re d  a  c a se  o f  low  
v is c o s ity  o f  an  in f in ite  m o v in g  p la te  an d  re la tiv e ly  la rg e  liq u id  c o n ta in e r . T h e  liq u id  
su rfa c e  is  s e p a ra te d  in to  tw o  in d e p e n d e n t re g io n s , i.e . ( i)  th e  re g io n  o f  th e  su rfa c e  
s itu a te d  h ig h  a b o v e  th e  m e n isc u s  an d  d ire c tly  d ra g g e d  b y  th e  p la te , w h e re  th e  su rfa c e  
o f  l iq u id  m a y  b e  ta k e n  to  b e  n e a r ly  p a ra lle l to  th e  p la te  su rfa c e  a n d  (ii)  th e  re g io n  o f  
th e  m e n is c u s  o f  liq u id , w h ic h  is s lig h tly  d e fo rm e d  b y  th e  m o tio n  o f  th e  p la te . B y  
u s in g  th e  c la s s ic a l lu b ric a tio n  eq u a tio n s , a  m a tc h in g  c o n d itio n  fo r  th e  film  
e n tra in m e n t a n d  u se d  to  o b ta in  an  ex p re ss io n  fo r  th e  film  th ic k n e s s  a s  sh o w n  in 
e q u a tio n  (Y im s ir i  a n d  M a c k le y , 2 0 0 6 )

K 0 .9 4 4 —รร»
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W h e re  h0= th e  lim itin g  film  th ic k n e ss

พ0 =  th e  w ith d ra w a l sp eed  ( พ ร )

ๆ =  th e  so lu tio n  v isc o s ity  

p  =  th e  so lu tio n  d e n s ity  
a  =  th e  so lu tio n  su rfa c e  te n s io n

T h e  a d v a n ta g e s  o f  d ip  c o a tin g  are  a  sa m p le  p ro c e ss  fo r  d e p o s it in g  a  th in  film  
o f  so lu tio n  o n to  a  p la te , c y lin d e r , o r  ir re g u la r  sh a p e d  o b je c t, e a s y  to  m a in ta in , low  
c o s t an d  u n c o m p lic a te d  e q u ip m e n t. O n  th e  o th e r  h a n d , th e  d is a d v a n ta g e s  o f  th e  d ip  
c o a tin g  a re  th e  d if f ic u l t  h a n d lin g  o f  la rg e  p a n e s , u se  a  lo n g  t im e  fo r  p ro c e s s in g  and  
re q u ire m e n t o f  tre a tm e n t o f  w a s te  c o a tin g  so lu tio n .

A  d ip  c o a te r  is e q u ip m e n t th a t is g e n e ra lly  e m p lo y e d  in th e  c o n tro lle d  
im m e rs io n  an d  w ith d ra w a l o f  su b s tra te s  in to  s o lu tio n s  fo r so l-g e l c o a tin g  (F ig u re  3 .4 ).

In  th is  th e s is , a  h a n d -m a d e  d ip  c o a tin g  w ith  a d ju s ta b le  w ith d ra w a l sp e e d  and  
im m e rse d  t im e  is  em p lo y e d .

T h e  te c h n ic a l d a ta  a re  as fo llo w  d im e n s io n s  (W x L x H ) =  1 5 c m x l5 c m x 2 5 c m , 
w ith d ra w a l sp e e d  =  3 .0 -1 2 .0  cm /m in , im m ersed  t im e  =  0 .5 -6 0 .0 m in , p o w e r  su p p ly  =  
12V .

Figure 3 .4  D ip  c o a te r
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3.3 Sol-gel process for precursor preparation
3.3.1 Sol-gel synthesis

S ol gel sy n th e s is  o c c u rs  in liq u id  so lu tio n  o f  m e ta llic  o x id e  p re c u rso r  w h ic h  
m ic ro s tru c tu re  is  p ro d u c e d  fro m  tw o  re a c tio n s  c o n s is tin g  o f  h y d ro ly s is  an d  
c o n d e n sa tio n  re a c tio n s .

M -O -R  +  H 20  - *  M -O H  +  R -O H  (h y d ro ly s is )
M -O -H  +  H O - M —» M -O -M  +  H 20  (w a te r  c o n d e n sa tio n )
M -O -R  +  H O -M  —* M -O -M  +  R -O H  (a lc o h o l c o n d e n sa tio n )

T h e  p ro d u c tio n s  fro m  so l gel m e th o d  a re  o x id e  c o llo id a l su sp e n s io n  an d  m e ta l 
o x id e  w h ic h  is  g e n e ra te d  b y  h y d ro ly s is  re a c tio n  a n d  c o n d e n sa tio n  reac tio n , 
re sp e c tiv e ly .

T h e  so l is  m a d e  o f  so lid  p a rtic le s  w ith  d ia m e te r  o f  a  fe w  h u n d re d  n a n o m e te rs . 
T h e y  a re  su sp e n d e d  in a  liq u id  p h ase . T h en , th e  p a r tic le s  c o n d e n se  in  gel an d  b e c o m e  
m a c ro s tru c tu re  w ill c ro s s - lin k  c h a ra c te r is tic s  so  th e  gel is  d ried  a t lo w  te m p e ra tu re  
p ro d u c e d  p o ro u s  so lid . W h e n  th e  g e l is h e a te d  an d  d e c o m p o se d  an io n s , g e l is g iv e n  
o x id e s  to  re a r ra n g e  o f  th e  s tru c tu re  an d  o c c u rre d  c ry s ta ll iz a tio n .

T h is  p ro c e ss  is a p p lie d  w ith  th e  p re p a ra tio n  o x id e  m a te r ia ls  th in  film s. T h e y  
a re  u su a lly  d e p o s ite d  in  tw o -s te p  p ro cess . In  th e  firs t s te p , a  g e l f ilm  is  d e p o s ite d  fro m  
a  w e t  p re c u rso r  so lu tio n  b y  d e p o sitio n  m e th o d  su ch  a s  d ip p in g , sp in n in g , sp ra y in g  o r  
a e ro so l d e p o s it io n . A n d  th e  las t s tep , th e  gel film  c o n v e r ts  to  an  o x id e  film  b y  u s in g  
c a lc in a tio n  o r  a n n e a lin g  te c h n o lo g y . T h e  c a lc in a tio n  is  a  th e rm a l tre a tm e n t p ro c e ss  
a p p lie d  to  so lid  m a te r ia ls  in  o rd e r  to  b r in g  a b o u t a  th e rm a l d e c o m p o s itio n , p h a se  
tra n s it io n , o r  re m o v a l o f  a  v o la tile  fra c tio n  an d  th e  a n n e a lin g  is  a  h e a t  tre a tm e n t th a t 
a lte rs  th e  m ic ro s tru c tu re  o f  a  m a te r ia l c a u s in g  c h a n g e s  in  p ro p e r tie s  su ch  a s  s tre n g th  
an d  h a rd n e ss .

S o l-g e l p ro c e s s  h a s  m a n y  a d v a n ta g e s  su ch  a s  e a s ie r  c o m p o s itio n  co n tro l, 
b e tte r  h o m o g e n e ity , lo w  p ro c e s s in g  te m p e ra tu re , lo w e r  c o s t, e a s ie r  fa b ric a tio n  o f  
la rg e  a re a  f i lm s  an d  p o s s ib il i ty  o f  u s in g  h ig h  p u r ity  s ta r tin g  m a te r ia ls  (M a iti e t  a l., 
2 0 0 7 ).



16

3.3.2 Characterization of precursor

T h e  p re c u rs o r  c o n c e n tra t io n s  a re  ch a ra c te r iz e d  b y  v is c o m e te r  (B ro o k fie ld  D V - 
E ) b e c a u s e  th e  v is c o s i ty  is e s se n tia lly  N e w to n ia n  flu id  an d  re la tio n sh ip  w ith  th e  film  
th ic k n e s s . T h e  v is c o s i ty  is a  m e a su re  o f  th e  re s is ta n t o f  a  f lu id . T h e  v is c o m e te r  
e n su re s  e a s y  an d  a c c u ra te  read  o u t o f  te s t  re su lts  fo r  th e  m e a s u re m e n t o f  v isc o s ity , 
w h ile  a lso  d is p la y in g  ro ta tio n a l sp e e d  an d  sp in d le  in u se .

Figure 3 .5  V isc o m e te r

3.4 Characterization of thin films

T h e  in s tru m e n ts  u se d  to  c h a ra c te r iz e  Z n O  th in  f ilm s  a re  U V -V is  
s p e c tro p h o to m e te r  (P e rk in  E lm e r; L a m b d a  6 5 0 ), S c a n n in g  E le c tro n  M ic ro sc o p y  
(S E M ; J S M 5 4 1 0 L V ), A to m ic  F o rc e  M ic ro sc o p y  (A F M ; V e e c o , S c a n n in g  P ro b e  
M ic ro s c o p y  C o n tro lle r ) , E n e rg y  d isp e rs iv e  X -ra y  s p e c tro m e te r  (E D X ; IC A  3 0 0 ), 
su rfa c e  p ro f i le r , X - ra y  d if fra c tio n  an d  c o n ta c t a n g le  m e a su re m e n t fo r  f in d in g  
tra n sp a re n c y , s h a p e , g ra in  s iz e , ro u g h n e ss , th ic k n e ss , p h a se  a n d  h y d ro p h ilic  p ro p e rty , 
re sp e c tiv e ly .
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3.4.1 UV-vis spectrophotometer

O p tic a l t ra n sm itta n c e  o f  th e  Z n O  th in  f ilm s  a re  c h a ra c te r iz e d  b y  c o m p a riso n  
w ith  u n c o a te d  su b s tra te  u s in g  U Y -V is  sp e c tro p h o to m e te r . I t m e a su re s  th e  in te n s ity  o f  
l ig h t p a s s in g  th ro u g h  a  sa m p le  (7), an d  c o m p a re s  it to  th e  in te n s ity  o f  lig h t b e fo re  it 
p a s s e s  th ro u g h  th e  sa m p le  (7o). T h e  ra tio  7 /  Io is ca lle d  th e  transm ittance  an d  u su a lly  
e x p re s se d  a s  a  p e rc e n ta g e  (% T ).

Figure 3 .6  U Y -V is  sp e c tro sc o p y  (U V -V is)

3.4.2 Scanning Electron Microscopy (SEM) and Field Emission Scanning 
Electron Microscope (FESEM)

S c a n n in g  E le c tro n  M ic ro sc o p y  is u sed  to  รณd y  th e  m o rp h o lo g y  o f  Z n O  th in  
f i lm s  an d  F ie ld  E m is s io n  S c a n n in g  E le c tro n  M ic ro sc o p e  is  u s e d  to  s tu d y  th e  film  
th ic k n e s s  o f  th e  Z n O  f ilm s  w ith  c ro ss  s e c tio n  v ie w . T h e  s a m p le  is  p re p a re d  b y  
sc ra tc h in g  a n d  b re a k in g . T h e  a p p ro p ria te  a re a  o f  th e  p re p a re d  sa m p le  is  p la c e d  o n  th e  
s tu ff . T h e  s p e c im e n s  a re  lo a d e d  in to  th e  sa m p le  c h a m b e r  a n d  th e n  th e  o b se rv a tio n  w a s  
c o n d u c te d  im m e d ia te ly  w ith  u s in g  im ag e  c a tc h  s c a n n e r  fo r  ta lk in g  th e  p h o to s .
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Figure 3 .7  S c an n in g  E le c tro n  M ic ro sc o p e  (S E M ) an d  
F ie ld  E m is s io n  S c an n in g  E le c tro n  M ic ro sc o p e  (F E S E M )

3.4.3 Energy Dispersive X-ray spectrometer (EDX)

T h e  e n e rg y  d isp e rs iv e  x -ra y  sp e c tro m e te r  is e m p lo y e d  fo r  e le m e n ta l an a ly s is  
th a t th e  x - ra y  g e n e ra te d  fro m  an y  p a rtic u la r  e le m e n t c h a ra c te r is t ic  a n d  c a n  b e  u se d  to  
id e n tify  w h ic h  th e  e le m e n ts  a re  p re se n te d  u n d e r  th e  e le c tro n  p ro b e . T h is  is  a c h iev ed  
b y  c o n s tru c tin g  an  in d e x  o f  x -ra y s  c o lle c te d  fro m  a  p a r tic u la r  sp o t o n  th e  sp ec im en  
su rfa c e  w h ic h  is  k n o w n  as  a  sp ec tru m . E D X  is  u su a lly  u se d  in c o rp o ra tin g  w ith  
sc a n n in g  e le c tro n  m ic ro sc o p y .
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3.4.4 Atomic Force Microscopy (AFM)

The morphology, grain size and roughness are characterized by AFM. The 
sample is prepared by scratching and breaking. The appropriate area of the prepared 
sample is placed on the stuff. After that, a microscale cantilever with a sharp tip 
(probe) at its end that is used to scan the specimen surface. When the tip is brought 
into proximity of a sample surface, forces between the tip and the sample lead to a 
deflection of the cantilever according.

Figure 3.8 Atomic Force Microscopy (AFM)

3.4.5 Surface profiler

The film thickness is measured by surface profiler as show in Figure 3.9. The 
samples are analyzed under a diamond tipped stylus on the scan length. The stylus can 
scan length of sample surface and surface variations. The data are recorded and the 
graphic screen display exhibits in video imaging. The film thickness is different of the 
glass surface and the film surface which the samples are prepared by level step of 
glass surface with tapping. Starting, the half of glass substrate is tapped using the 
plastic and coated in the solution by dip coating technique. Then the tap is stretched 
on the substrate and the film coated on the substrate is calcined.
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Figure 3.9 Surface profiler

In the experiment, the film thickness is measured in the different positions 
such as top, middle and bottom that they call L], L2 and L3, respectively. Each 
position is measured in five points as shown in Figure 3.10. So the film thickness is 
average thickness.

'3
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Average film thickness (positions):

T<=t j T« 

Ti = t T* 

ท  = t T11
Where
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= average film thickness of top position 
= average film thickness of middle position 
= average film thickness of bottom position 
= film thickness of top position (i = 1, 2, 3, 4, 5)
= film thickness of middle position (i = 1, 2, 3,4, 5) 
= film thickness of bottom position (i = 1, 2, 3,4, 5) 

Average film thickness (total positions):

Tu

Tx 3i

1 AVG

Where เ AVG ' average film thickness
= film thickness at different positions (i=l ; top, i=2 ; middle, 
i=3; bottom) and (j= 1, 2, 3, 4, 5)
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Standard deviation:
SD =  J — X (x.-x)3V N 1=.

Where X, = film thickness at total positions
X = average film thickness at total positions
N = total number in experiment =15

3.4.6 X-ray Diffraction (XRD)

The XRD is used to analyze phase of the investigated ZnO powder. Figure
3.11 shows the XRD analysis system used in this work. The ZnO powder is spread on 
the sample holder and then set in the equipment which provides x-ray beam for the 
analysis and a-Alumina is used as a standard sample to observe the instrumental 
broadening since its crystallite size is larger than 2000 Â.

Figure 3.11 X-ray Diffraction (XRD)
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3.4.7 Contact angle measurement

The hydrophilic property of the ZnO thin films is examined by measuring the 
contact angle of water droplets by a contact angle meter (See Figure 3.12). Water 
droplets with consistent volume of 12 pL are placed at five difference positions on 
each coated substrate sample for measuring the contact angle. A UV-A lamp 
(SAPHIT A.J.L. Supplies, Thailand) with emission wavelength in a range of 300 -  
460 nm and output of 20 watts is employed to irradiate each coated glass specimen in 
prior to water contact angle investigation.

Figure 3.12 Contact angle measurement
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